Introduction
In February 2004, examinations under the National Standard for Health Assessment of Rail Safety Workers (the Standard) [1] commenced in Australia following recommendations from the Special Commission of Inquiry into the Waterfall Rail Accident. This occurred in January 2003 when a New South Wales passenger train derailed on a curve at high speed, killing the driver and six passengers. This was the result of the driver suffering a cardiac arrest. The investigation also revealed that the train guard had failed to operate the emergency brake and that he had a pre-existing psychological condition that may have contributed to his failure to respond adequately to the emergency. The inquiry was critical of the system of medical examinations in place at the time, and a project was initiated to develop a national standard for the Australian rail industry. In the case of train drivers the Standard involves a comprehensive medical assessment with the addition of the Alcohol Use Disorders Identification Test (AUDIT), the Epworth Sleepiness Scale (ESS), the Kessler Psychological Distress Scale (K10) and calculation of the cardiac risk score.
In 2007, we reported the results of medical assessments conducted on RailCorp train drivers and recruits in the first 12 months of the new standard between February 2004 and January 2005 [2] . Significant findings included levels of obesity and hypertension greater than the Australian population prevalence [2] . Cardiovascular risk factors and cardiovascular conditions were found to be the most prevalent health conditions in RailCorp train drivers and also had the greatest temporary impact on fitness for duty, but only a minority of cases was deemed permanently unfit for work [2] .
Overweight/obesity continues to be one of Australia's most serious and costly health challenges [3] . For safety critical workers the risks relate to associated health conditions that can result in sudden incapacity and/or impaired decision making.
Periodic health assessment may help to identify and manage certain health conditions and risks at an early stage, that otherwise may progress to impact on fitness for safety critical work and should ultimately result in improved health and less impact on fitness for duty.
Following their initial assessment in 2004/05, workers who were found to have medical conditions requiring follow-up were certified fit subject to annual review. Workers with no significant health issues were certified 'fit unconditional', with review at 1, 2 or 5 years, depending on age.
This study examines the results of medical examinations of RailCorp train drivers 5 years after the initial group of drivers were assessed under the new standard. A 5 year period was selected to enable both 'fit subject to review' and 'fit unconditional' workers to be included in the study. The results are compared for detecting any significant differences in health parameters and fitness for duty.
Methods
The health records of all RailCorp train drivers and driver recruits who were assessed between 1 February 2009 and 31 January 2010 were reviewed. The data collection methodology was replicated from the initial study in 2004/05. All data were anonymized.
Information extracted included age, gender, smoking status, hypertension, heart disease, diabetes, obstructive sleep apnoea, ESS score, AUDIT score, K10 score, visual acuity, Ishihara test result, visual field testing results, hearing, body mass index (BMI), systolic blood pressure, total cholesterol level, HDL cholesterol level, fasting blood glucose level, oral glucose tolerance test results, HbA1c result, cardiac risk score (CRS) and fitness for duty.
All selected health parameters were categorized as dichotomous variables, with the exception of the BMI category. This health parameter was split into three distinct groupings: normal (<25.0 kg/m ). Subjects were defined as being hypertensive if they were receiving antihypertensive treatment or had a systolic blood pressure of ≥140 mmHg, thus allowing comparison with Australian population data. High cholesterol was defined as total cholesterol ≥5.5 mmol/L, again allowing comparison with Australian population data.
CRS was calculated using the cardiac risk score chart in the Standard [1] , which is a Framingham-based risk assessment tool derived from the American Heart Association, developed by the Civil Aviation Safety Authority and adapted to reflect the risks in the rail environment.
The Due to the exploratory nature of the study, we have not applied any adjustments (e.g. Bonferroni) to the family wise error rate.
Given that most drivers and recruits were men, where comparisons are made with Australian population data, only male drivers and recruits were compared against male population data ( Table 2) .
Ethical approval was obtained from the University of New South Wales Human Research Ethics Committee.
Results
The files of 1094 subjects were reviewed, representing all assessments undertaken under the National Standard in the study period. Quality control processes associated with the health assessment process ensured that the medical files contained no missing data. The study group comprised 889 drivers out of a total driver population of 1242 (72%) as on 1 February 2009, together with all train driver recruits (205) assessed during the study period. Of RailCorp's total number of drivers, 28% were therefore not assessed as their assessments did not fall within the study period. Of the 889 drivers assessed in 2009/10, 397 (45%) also formed part of the 2004/05 cohort.
Of the 889 drivers, 550 (62%) underwent periodic assessment based on their age, and 339 (38%) underwent triggered assessment based on previously identified health risk. Drivers and recruits were assessed separately to estimate the extent to which their health parameters differed, and their results were also compared with those of the 2004/05 study group, which comprised 723 drivers and 277 recruits. There are slight differences in figures previously reported for 2004/05 drivers and recruits [2] due to data cleansing and matching, which were performed as part of the current study.
The median age for drivers was 47 (range = 22-72), compared with 48 in the previous study. For recruits, the median age was 32 (range = 18-57), compared with 31 in the previous study. The percentage of female drivers was 3% The prevalence of selected health parameters for all drivers and recruits (males and females combined) is presented in Table 1 . Comparative data for the Australian adult male population are listed for comparison with male drivers and recruits in Table 2 . New conditions diagnosed as a result of the health assessments are presented in Table 3 , and causes for being certified temporarily unfit are presented in Table 4 .
A significant decrease in the prevalence of elevated systolic blood pressure measured at the time of assessment was noted for both existing drivers and recruits. A significant increase in the proportion of recruits on treatment for hypertension was also noted.
Of drivers treated for hypertension, 40% had systolic blood pressure ≥140 mmHg in 2009/10, compared with 61% in 2004/05 (P < 0.05). The most recent male population data showed 66% of those treated for hypertension had blood pressures ≥140 mmHg [6] , although more recent data grouping males and females together show this figure to be 41% [5] .
Compared with the Australian male population incidence of 2.3% per year [7] , the 2009/10 male drivers had an incidence of pre-diabetes of about 6% during the 12 month study period. For all drivers the prevalence of pre-diabetes increased from 2% in 2004/05 to 5% in 2009/10 (P < 0.001).
There obese, compared with 42% of those undergoing periodic assessment. Ninety-one of those undergoing triggered assessment were overweight or obese, compared with 82% of those undergoing periodic assessment. The mean cardiac risk score of recruits in 2004/05 was not statistically different to the mean CRS of recruits in 2009/10. The mean CRS of drivers was 11.3 in both study periods.
Ten drivers in total were certified permanently unfit, representing 1% of the drivers in the group, compared with 2% in 2004/05. The most common reason was intractable obstructive sleep apnoea (three cases), followed by orthopaedic conditions (two cases) and neurocognitive problems (two cases). Other reasons included ischaemic heart disease, gastrointestinal disease, colour vision defect and visual field deficiency. One subject was permanently unfit as a result of two conditions. In 2004, the most common reasons were cardiac and psychiatric, followed by orthopaedic, colour vision deficiency and sleep apnoea. Recruits were deemed temporarily unfit if any further assessments or information were required prior to final certification of fitness for duty. Of the 47 recruits deemed temporarily unfit, 17 were subsequently deemed 'fit unconditional', 20 fit subject to review in 12 months, 3 fit subject to review in 24 months, 4 permanently unfit, 1 fit with permanent job modification and 2 failed to complete further assessment. Reasons for being certified temporarily unfit are outlined in Table 4 .
Discussion
This study found significant decreases in the prevalence of hypertension, high cholesterol and smoking in train drivers between 2004/05 and 2009/10, but the prevalence of obesity and diabetes increased.
The study's strengths include the absence of missing data in the medical records and the replication of the original study design, which enabled both 'fit unconditional' and 'fit subject to review' drivers to be included. Its weaknesses are that not all drivers were included in both studies and this, and the effects of workforce turn over mean that the two cohorts are not identical. Drivers not assessed in 2009/10 would largely have been those certified 'fit unconditional' who either did not have health conditions or risk factors requiring follow-up or were less than 60, requiring review after 2 or 5 years. Had all drivers been included the observed prevalence of illnesses and risk factors would probably have been lower. The 2009/10 group also represents a survivor population as some drivers left RailCorp between 2004/05 and 2009/10, because they did not meet the National Standard and were declared unfit for duty. Another limitation is the comparison of drivers' diabetes prevalence with the most recently available population data from 2001 [6] . Taking into account the general population increase in obesity, the difference in diabetes prevalence between the driver population and the general population may be less if comparison with more current population data had been possible. A further limitation lies in the comparison of driver and recruit data with the general population, since the latter includes those not well enough to work.
There were some significant improvements found including improved blood pressure in those with treated hypertension, lower total cholesterol levels and fewer smokers. Although it is not possible to determine the cause of these improvements, it may reflect increased numbers of drivers now receiving general practice care as a result of assessment under the National Standard. They may also in part reflect population improvements, as recruits also had a lower prevalence of high total cholesterol and systolic blood pressure in 2009/10, compared with 2004/05.
The prevalence of diabetes and pre-diabetes was higher than in both the 2004/05 study group and the general population, and diabetes incidence in male drivers was also higher than in the general male population. This may at least in part result from the increased prevalence of obesity and the impact of regular screening for diabetes in the study group compared with the general community, since such assessments could be influencing a group that may not otherwise seek health care. Detection of pre-diabetes also presents opportunities for intervention to reduce the risk of progression to diabetes.
A quarter (26%) of drivers and recruits with diabetes had changes made to their treatment following referral to endocrinologists under the Standard. This suggests inadequate management of diabetes in general practice.
The prevalence of obesity in drivers and recruits in 2009/10 was significantly higher than in 2004/05, and than in the Australian male population, although the rate of increase in obesity is similar to that in the general population [4] .
The increased prevalence of obesity in this group may reflect increased prevalence in the Australian population, as well as the influence of shift and sedentary work. This is of concern given the risk of cardiovascular disease, diabetes and obstructive sleep apnoea in the obese and the implications of these conditions for train drivers. Challenges in reaching train drivers with health and well-being programmes include shift work and dispersed work locations. Future programmes may need to include individual coaching to help drive behavioural change.
The significant increase in the prevalence of obesity and diabetes is offset by improvements in blood pressure control and decreased prevalence of high total cholesterol, with a neutral overall effect on cardiac risk score.
The rates of sleep apnoea were still below those expected, possibly reflecting under-reporting of the condition, under-diagnosis in the general community and under-reporting on the ESS. We therefore propose more active screening for this condition using home monitoring for asymptomatic individuals with risk factors such as BMI >35 kg/m 2 , type 2 diabetes and hypertension. As in the previous study, no new psychological conditions were identified by the K10 screening questionnaire, nor did K10 scores affect fitness for duty. There appears to be no benefit in routinely including this in addition to questions regarding psychiatric history.
In no cases did self-reported alcohol intake impact on fitness for duty nor was any illicit drug use reported. The same was true of the 2004/05 study group, and may reflect under-reporting or the impact of the organization's drug and alcohol policy and the Rail Safety (Drug and Alcohol Testing) Regulation 2008 (NSW).
Fewer drivers were found temporarily unfit in the current study group compared with the 2004/05 study group. This probably reflects more drivers having treatment for their health conditions. In both groups only a minority was declared permanently unfit.
The percentage of drivers certified 'fit subject to review' increased, while the percentage of drivers declared temporarily unfit decreased between 2004/05 and 2009/10. This may be because on this occasion drivers were being reassessed rather than presenting for the first time, and therefore, relevant health information was already available to the assessing doctors. By contrast in 2004/05, assessments were undertaken under the National Standard for the first time, and drivers tended to be certified temporarily unfit while initial investigations were undertaken and treatment optimized. Additionally, the large number of drivers who were 'fit subject to review' within 3 months at the time of the assessment may reflect increased follow-up of findings that eventually proved to be normal, for example raised fasting blood sugar with subsequent normal oral glucose tolerance test or raised blood pressure that subsequently proved to be within normal limits.
As in the 2004/05 study, the leading reasons for being temporarily unfit were cardiac conditions and diabetes, followed by sleep apnoea. There were some differences in reasons for being declared permanently unfit, with numbers too small to draw any conclusions.
Significantly fewer recruits were found fit for duty at initial assessment, with many classed temporarily unfit pending receipt of further information regarding their health.
While it is difficult to know if the Standard itself has prevented acute incapacity, its success may lie in detecting conditions that are often asymptomatic, and which, if neglected, can lead to critical disease and complications, including acute incapacity. In this review, positive changes in some health parameters and in fitness for duty are already evident. Future challenges lie in addressing obesity and its associated conditions.
